ABSTRACT High-and low-resolution IUE spectra of 14 apparently normal high-Galactic latitude B-type stars, together with visual fluxes determined from Strömgren four-color photometry, are compared with theoretical spectra deduced from LTE model atmosphere calculations. Ten of the program stars have normal flux distributions, with only four of the stars exhibiting UV flux deficiency. For the latter, PHL 346 has been identified as a /? Cepheid variable, SB 357 is a Be-type star, and the ultraviolet flux deficiency for HD 214080 can be removed by increasing the E(B-V) from 0.09 to 0.12. In the case of HD 100340, the four-color photometry is inconsistent with the ultraviolet flux distribution, but this inconsistency vanishes when UBV photometry is employed in the analysis, implying that the uvby measurements may be in error. The normal flux distributions found for the program star provide support for their being Population I objects in the Galactic halo.
INTRODUCTION
In recent years a small number of apparently normal Population I early-type stars have been observed at high Galactic latitudes (see, for example, Brown et al. 1989 , and references therein). Several authors (e.g., Dworetsky, Whitelock, & Carnochan 1982) believe them to be subluminous objects, close to the Galactic plane. Such stars do exist in the halo, e.g., the UV bright stars (de Boer 1985) . However, spectral analyses of highlatitude B-type stars indicate that many of them have atmospheric parameters and chemical compositions similar to Population I objects (e.g., Tobin 1986; Conlon et al. 1989) . This implies that they are normal, massive, luminous stars located several kiloparsecs outside the Galactic plane, at large distances from their accepted birthplace. Most of these stars have probably been ejected from the Galactic plane (e.g., Conlon et al. 1990 ). However, a small number could not have reached their current position during their evolutionary lifetimes following ejection from the Galactic plane and imply recent star formation in the halo. The low density of gas above the Galactic plane would make star formation difficult (Savage & de Boer 1981) , although "special" sites may exist in the form of HVCs (Dyson & Hartquist 1983) or the Galactic fountain model (Bregman 1980) .
The alternatives to star formation should be examined, in particular the phenomenon of highly evolved objects that are similar to young stars at low or intermediate dispersion. For example, HR 4049, initially classified as B9.5Ib, has now been shown to be a proto-planetary nebula star in the postasymptotic giant branch (AGB) phase (see Lambert, Hinkle, & Luck 1988) . Post-AGB stars have been found to exhibit both an infrared excess and ultraviolet deficiency Trams et al. 1989) , indicating the presence of circumstellar dust. This is in accordance with post-horizontal branch evolutionary ideas where mass loss during the AGB results is believed to result in a low-mass star (M ~ 0.5 M 0 ) surrounded by a dust shell (Schönberner 1989; Renzini & Fusi-Pecci 1988) . As B-type stars emit most of their flux at ultraviolet wave-1 Postal address: Armagh Observatory, Armagh BT61 9DG, Northern Ireland, UK. lengths, in this paper we search for evidence of ultraviolet deficiencies for a number of early-type high-Galactic latitude stars.
OBSERVATIONAL DATA AND REDUCTION
The program stars chosen are apparently normal highlatitude stars (b > 45°). They are listed in Table 1 , along with their galactic coordinates, visual magnitudes, Strömgren indices, and interstellar reddening derived from photometry. Only objects with published uvby photometry were considered so that reliable estimates of effective temperatures could be obtained.
Strömgren photometry was taken from the papers of Brown & Kilkenny (1979) , Graham & Slettebek (1971) , Kilkenny (1977 Kilkenny ( , 1978 Kilkenny ( , 1980 , Kilkenny, Hill, & Brown (1977) , Tobin (1985) , and Tobin & Kaufmann (1984) . This photometry was converted to absolute monochromatic fluxes using the calibrations of Heber et al. (1984) and the effective wavelengths of Underhill (1981) .
2.1. IUE Observations Low-resolution observations are available for 12 of the program stars. Eleven SWP, eight LWP, and six LWR observations were extracted from the uniform low-dispersion atlas on STARLINK (Murray 1989) , which included all largeaperture exposures available at the start of 1989. Details of the IUE observations are summarized in Table 2 .
For HD 214080 and HD 220787 no low-resolution observations were available, and in these cases high-resolution observations were used. Two large-aperture observations of HD 214080 and three of HD 220787 were obtained from the World Data Centre, Rutherford Appleton Laboratory. These were reduced using the STARLINK package IUEDR (Rees & Giddings 1989) and were flux-calibrated using the standard tables in IUEDR, based on the results of Bohlin & Holm (1980) and Cassatella, Ponz, & Selvelli (1981) . (We note that the changes in the IUE sensitivity curve discussed by Bohlin & Grillmair 1988 3. METHOD OF ANALYSIS The method of analysis involved the comparison of observed and theoretical ultraviolet and optical fluxes. Theoretical fluxes were deduced from LTE line-blanketed model atmospheres constructed using the ATLAS6 code of Kurucz (1979) . A solar chemical composition was assumed in all cases, and this is consistent with the normal B-type stellar abundances previously deduced for several of the stars (e.g., Feige 40 and HO + 23°B, Conlon et al. 1989 ; HD 18100, Keenan, Brown, & Lennon 1986a ). The theoretical fluxes have been incorporated in the STARLINK package, DIPSO (Howarth & Murray 1988) , which was also used to manipulate the observational data. All the program stars have existing estimates of their atmospheric parameters. However, for consistency new estimates of the effective temperatures, T eff , were derived from the dereddened Strömgren color indices [cj \_ = c 1 -0.2(2? -y)] and [w -2?](= [cj + 2.0cm!]) using the calibrations of Lester, Gray, & Kurucz (1986) . The two estimates agreed well, and in all cases the mean value was adopted; typical errors should be less than ± 1000 K (see Lennon, Brown, & Dufton 1988) , assuming that there are no major systematic errors in the calibration of Lester et al. Keenan et al. 1986b; (6) Conlon et al. 1988 ; (7) Keenan & Lennon 1984; (8) Keenan et al. 1987a .
Logarithmic surface gravities were taken from the literature (see Table 3 for references) with error estimates normally being ±0.3 dex or less. Where the new effective temperature differed markedly from the previous estimate the adopted surface gravity was corrected to allow for this. Theoretical Balmer line profiles were calculated (see Lennon et al. 1990 for details) for models with the two effective temperature estimates. The shift in gravity which led to optimal agreement between the two sets of profiles was then used to correct the previous gravity estimate. The adopted atmospheric parameters are presented in Table 3 .
It was necessary to interpolate the flux distributions linearly to match the effective temperatures and surface gravities quoted in Table 3 . Test calculations showed that this should not lead to significant errors. Although interstellar extinction was expected to be small for high-latitude stars, it still had a significant effect on the far-ultraviolet flux distribution. The color excesses E(B-V) were calculated by comparing the observed values of (b -y) with the theoretical color (b -j;) 0 to deduce E(b -y) and then using the relationship E(B-V) = 1.35E(b -y) (Crawford 1975) . This was combined with the ratio of total to selective absorption in the ultraviolet (Seaton 1979) to correct the theoretical flux distribution. The typical error in E(B -V) should be ± 0.02 for an error in T eff of ± 1000 K (see above).
4. DISCUSSION Observed and theoretical fluxes are compared in Figures 1-3 with the fluxes being arbitrarily normalized at the Strömgren Y band. Because of the SWP-LWP overlap problem (Cassatella & Harris 1983) , model fluxes tend to overestimate the SWP fluxes and underestimate those in the LWP region. Hence where LWR observations were available for an object, these were used in preference to the LWP. For 10 of the program stars (PHL 460, Feige 40, HO + 23°B, HD 220787, SB 253, SB 939, PHL 159, HD 125924, HD 219188, and HD 18100), the agreement is excellent. Previously, Tobin & Kaufmann (1984) analyzed low-and high-resolution IUE and optical spectra of HD 125924, and Tobin (1986) investigated the low-resolution spectra of Feige 40 and HO + 23°B and found them to be similar to those of normal Population I disk stars. Further evidence for four of the program stars being normal B stars can be found from Keenan, Conlon, & Brown (1987b) , who searched for far-infrared excesses using the IRAS Point Source Catalog. No excess was found for HD 18100, HD 125924, HD 220787, and HD 219188. Normal helium and metal abundances have been found for Feige 40 and HO + 23°B (Conlon et al. 1989) , HD 18100 and HD 220787 (Keenan et al. 1986a) , and HD 125924 (Conlon et al. 1988) .
Four of the program stars show some evidence of ultraviolet flux anomalies, and these are discussed in more detail below.
SB 357 has been analyzed by Heber & Langhans (1986) and Kilkenny (1989) , who noted that it is probably a rapidly rotating Be-type star. Such stars exhibit photometric and spectroscopic variations on varying time scales (see Harmenec 1983; Waelkens, Rufner, & Burnet 1983) . Kilkenny (1988) found photometric variations on a time scale of a few days or longer, with an amplitude of 0.2 mag. If it is a Be-type star, SB 357 is likely to be surrounded by circumstellar material, which would give rise to an ultraviolet deficiency (Marlborough 1982) .
PHL 346 has been identified as a pulsating ß Cepheid variable (Waelkens & Rufener 1988; Kilkenny & van Wyk 1990) . This is consistent with its effective temperature, gravity, and chemical composition (Keenan et al. 1986b) , which is typical of a Population I B1.5 giant or subgiant. The observed flux shows a ultraviolet deficiency of about 0.2 dex at wavelengths less than 2000 Â. Holmgren (1990, private communication) has observed PHL 346 with the IUE satellite in 1989 over a complete cycle of variability. These eight SWP observations also show a distinct deficiency in this region.
The visible spectrum of HD 100340 has been analyzed by Keenan et al. (1987a) , who concluded that it is a normal Population I OB-type star. For this star the observed and theoretical flux distributions in Figure 3 are in poor agreement. Further inspection suggests that the four-color photometry is inconsistent with the ultraviolet energy distribution, and this may have caused the problem. UBV photometry (Berger et al. 1984 ) is available for this object and has been converted to absolute fluxes as described earlier. A reddening of E(B-V) = 0.04 is derived from UBV photometry, although no reddening is derived from Strömgren photometry. If model fluxes are constructed matching these parameters, good agreement is found at all wavelengths (see Fig. 4 ). The effective temperature has been derived from the four-color photometry and may be in error. Keenan et al. (1987a) used relative Si n/ Si m/Si iv, and C n/C m line strengths to estimate the effective temperature, and this is in good agreement with that obtained from the uvby photometry.
HD 214080 was previously analyzed by Keenan & Lennon (1984) , who concluded that it is a normal Population I OB star at a distance of 1.7 kpc from the Galactic plane. As can be seen Logarithmic Wavelength Fig. 4 .-Absolutely calibrated fluxes and theoretical Kurucz (1979) fluxes plotted against logarithmic wavelength (in Â) for HD 214080 with the reddening increased from E{B-V) = 0.09 to 0.12, and HD 100340 with UBV photometry plotted instead of uvby.
in Figure 3 for a reddening of E{B-V) = 0.09 (deduced from uvby photometry as discussed in § 3), the observed and theoretical distributions are in poor agreement. However, if the reddening is increased to 0.12, far better agreement is found (see Fig. 4 ). This change may reflect either an error in the visible photometry or a nonstandard reddening law.
The lack of observed flux deficiency provides support for the program stars being normal Population I objects, and hence they are probably not post-AGB objects such as those found by Trams et al. (1989) .
